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SAFETY IN STONE QUARRYING. 



By Oliver Bowles. 



INTRODUCTION. 

The Bureau of Mines, in connection with its work relating to the 
increase of safety in the mineral industries, is investigating quarries 
and quarrying methods. This paper describes the results of an 
investigation of safety conditions in stone quarrying — more especially 
in the quarrying of marble. Its purpose is to point out the chief 
causes of accidents in stone quarries and to suggest preventive 
measures and devices. Many of the suggestions are applicable to 
all types of rock excavation, but relate chiefly to marble quarrying. 
Accident prevention is considered from three points of view — safety 
in equipment, safety in quarrying methods, and safety through 
proper care. The paper also describes methods of first aid in case of 
accident and includes a list of typical quarry accidents that have 
come to the writer's notice. 

It is expected that safety problems in other branches of quarrying 
will receive similar study in due time. The present need is for the 
dissemination of whatever helpful information may be now available. 

ACKNOWLEDGEMENT. 

Acknowledgment is due to the following persons for helpful sug- 
gestions in the preparation of this paper: Spencer P. Howell, IT. II. 
Clark, and Albert II. Fay, of the Bureau of Mines; A. W. Edson, of 
the Vermont Marble Co., Proctor, Vt.; George B. Taylor, of the 
Colorado-Yule Marble Co., Marble, Colo.; A. E. Adams, of the Ohio 
Quarries Co., Amherst, Ohio; W. P. Eales, of the Travelers' Insurance 
Co., and E. H. Foley, of the Solvay Process Co., Jamesville, N. Y. 

QUARRY- ACCIDENT STATISTICS. 

Statistics compiled by Fay a give the total number of active 
quarry operators in the United States in 1913 as 2,941 and the total 
number of employees as 106,278. The number of men killed in and 
about the quarries in 1913 was 183, seriously injured 1,092, and 
slightly injured 6,647. The death rate per 1,000 employees was 1.72. 

<* Fay, A. II., Quarry accidents in the United States during the calendar year 1913: Tech. Paper 92, 
Bureau of Mines, 1911, 73 pp. 
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8 SAFETY IX STONE QUARRYING. 

The death rate per 1,000 employees in metal mines during 1913 was 
3.54 and in coal mines 3.73. Thus it will be seen that the quarry 
death rate is less than one-half that in coal or metal mines. When 
one considers, however, that most quarrying is done in the open and 
hence is comparatively free from certain dangers of coal or metal 
mining, such as explosions of gas and of coal dust, asphyxiation, fire, 
and transportation of material in narrow tunnels, it is not surprising, 
that the death rate is lower than in these more hazardous occupations. 

Fay also shows that the deatli rate in and about the quarries of 
Belgium in 1911 was only 0.87, in France in 1912, 0.91, and in Great 
Britain in 1913, 1.05. As more or less rigid Government inspection 
is required in the countries mentioned it is obvious that their lower 
death rates as compared with that of the United States is due in 
part at least to the adoption of preventive measures. 

A personal investigation of the causes of many quarry accidents 
leads the writer to believe that a large proportion of them are pre- 
ventable. The bureau has no intention of throwing the burden of 
blame for such accidents on either employees or operators. Its pur- 
pose is to point out dangers wherever present ami to suggest remedies. 

During a single year the loss of 183 lives and the impairment for a 
longer or shorter period of the activities of 7,739 men undoubtedly 
results in great suffering and distress on the part of wives, children, 
or other dependents, and constitutes a serious economic loss to the 
quarry industry and to the Nation at large. Stone quarries are 
becoming deeper every year, and the dangers correspondingly greater. 
The death rate may increase rather than decrease unless operators 
adopt preventive measures, and employees exercise greater care and 
vigilance in the performance of their duties. The urgent necessity, 
both from humanitarian and economic considerations, for reducing 
the number of casualties in and about the stone quarries of the 
United States is the motive for this publication. 

RESULTS OF ACCIDENT INVESTIGATION. 

During the summer of 1914 an authentic record of 07 quarry acci- 
dents was prepared by the writer through personal investigation and 
inquiry. Some of the accidents were recent and others dated back a 
number of years. They occurred in or about granite, sandstone, lime- 
stone, and marble quarries, chiefly in the eastern States. Of the 
97 accidents recorded 47 caused fatalities, resulting in 69 deaths, 43 
caused serious injuries, resulting in 46 persons being seriously injuried, 
and 7 were minor accidents resulting in 7 minor injuries. 

After placing all doubtful cases with those which may be classed 
as unavoidable, there are left 54 of the 97, or 56 per cent, which were 
preventable by reasonable care. These figures do not, however, 
necessarilv represent the true classification of all accidents, as the 
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number of cases considered, when compared with the total number of 
accidents, is entirely inadequate for deriving general conclusions. 
They may be considered, however, as being fairly representative, and 
as they involve so large a proportion of serious or fatal injuries the 
cause and prevention of similar accidents demands careful considera- 
tion. The evidence relating to these accidents was obtained from 
eyewitnesses or others familiar with the circumstances, and as serious 
accidents are long remembered and slight ones soon forgotten the 
resulting record contains an excessive proportion of accidents of a 
fatal or serious nature. It is interesting to note, however, that when 
classified by cause they correspond closely with the complete list com- 
piled for 1913 by Fay. a This may be seen by comparing Tables 
1 and 2. The most notable difference is in the preponderance of acci- 
dents due to quarry cars, explosives, and boiler explosions, all of 
which are impressive in nature and thus easily remembered. Table 3 
indicates how nearly in accord are the results obtained by personal 
investigation of miscellaneous fatalities with those of a systematic 
record of all fatalities for a single year. From this one may conclude 
that the list recorded is fairly representative. 



Table 1. 



-Classified list of fatal, serious, and slight injuries resulting from 97 repre- 
sentative accidents. 



Cause 


Deaths. 


Serious 


injuries. 


Slight injuries. 


Number. 


Ter cent. 


Number. 


Per cent. 


Number. 


Percent. 


In quarry: 

Falls or slides of rock or overburden. . . 

Rock while loading at working face 

Timber or hand tools 


10 

4 


14.54 
5.80 


2 
3 
2 
16 
6 

2 

1 
1 
1 

1 


4. 35 

4.35 
34. 78 
13.04 

4. 35 

2.17 
2.17 
2.17 

2.17 


1 


14.29 




10 
6 

4 

2 


14.54 
S.70 

5.80 

2.90 


4 


57 13 


Haulage accidents 




Falling into quarry from surface, 
benches , or face 






Falling from hoists, derricks, ladders, 
etc 






Drilling accidents 






Electricity 


2 


2.90 






Machinery 




Flying pieces of rock from sledging 








Stepping on nail 














3 


4.34 


1 


2.17 


1 


14 29 






Total 


41 


59.52 


30 


78.25 


6 


85 71 






Outside of quarry: 

Quarrv cars or locomotives 


9 
1 
3 
1 
1 
9 
1 


13.00 
1.45 
4.34 
1.45 
1.45 

13.00 
1.45 


4 


8.70 






Railway cars or locomotives 








3 

2 

1 


4.35 






Explosives 




Falls of persons 


2. 17 






Boiler explosions 






Timber or hand tools 










Electricity 






1 


14.29 


Stepping on nail 












I Iorse or mule 














Other causes 


3 


4.34 




















Total 


23 


40.48 


10 


21. 75 


1 


14.29 




Grand total 


69 


100. 00 


46 


100. 00 


7 









96698°— 11 



a Fay, A. II., op. cit., p. 16. 
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Table 2. — Accidents in quarries in the United States during the year ended 1><<-. .;/, /.'//.;. 
classified according to anise. 



Cause. 



Killed. 



Seriously 
injured 
(broken 
arm, leg, 
ribs, or 
other in- 
injury in- 
volving 
loss of 20 or 
more clays' 
work). . 



Slightly 

injured 

(injury 

involving 

loss of 
more than 

1 day's 

work, but 

less than 

20). 



In quarry: 

Falls or slides of rock or overburden 

Rock, while loading at working face 

Timber or hand tools 

Explosives (includes premature blasts, explosions of misfires, fly- 
ing pieces from blasts, etc.) 

Haulage accidents (by quarry cars, quarry locomotives, breaking 
of cables, guy wires, derricks, booms, etc.) 

Falling into quarry from surface, benches, or face 

Falling from hoists, derricks, ladders, etc 

Drilling accidents (by machine or hand) 

Electricity (shock or'burns) 

Machinery (pumps, hoisting, and haulage machinery, not includ- 
ing locomotives or drills) 

Flying pieces of rock from sledging 

Stepping on nail 

Other causes 



P< r cent. 

14.7(1 
0.01 
1.64 

22.95 

\ 10. 93 

5. 40 
1.64 
1.64 

1. 09 

4.37 
1.09 



Per cent. 
12. 73 
13.74 
3.30 

G.78 

10.90 

3.48 
2.47 
4.30 



O.ZZ 

2. S I 



Per a nl. 

11. I.", 
16. 74 

7. 27 

3.37 

9.82 

1.49- 

.95 

4.S4 

.21 

3.79 

8.91 



Total. 



75. 96 



SI. 22 



Outside of quarry: « 

Quarry cars or quarry locomotives. 

Railway cars or locomotives 

Machinery 

Explosives 

Falls of persons 

Boiler explosions 

Timber or hand tools 

Electricity (shock or burns) 

Stepping "on nail 

Horse or mule 

Other causes 



2.19 
4. 37 
6.55 
1.09 
2.19 



1.64 
5.46 



3.48 

1.56 

6.13 

.55 

2.66 

.27 

2.20 

.46 

.46 

.28 

6.04 



1.74 
.60 

2.41 
. 29 

1.50 
.1)2 

5.30 
.11 
.30 

1.23 



Total 

Grand total. 



24. 04 



25.09 



100. 00 



100. 00 



a Does not include accidents in dressing plants or mills. 
Table 3. — Percentage of fatalities due to the three chief sources of danger. 



Cause. 


Of 97 in- 
vestigated 
quarry 

accidents. 


Of total 

quarry 
accidents 
in 1913." 




23. 15 
20.34 

15.99 


17.49 




211. 77 




24. 04 








Total 


59.48 


62. 30 







a Fay, A. II., loc. cit. 

CHIEF SOURCES OF DANGER IN QUARRYING. 

As pointed out by Fay,° the three chief sources of danger in quarry- 
ing are haulage (which includes hoisting), falls or slides of quarry 
material, and explosives. This conclusion is further verified by an 



" lay, A. H., op. cit., p. 10. 
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analysis of the accidents investigated, as shown in Table 3. Table 4 
shows the percentage of fatalities in mines and quarries for 1911, 1912, 
and 1913. 

Table 4. — Percentage of persons hilled by different causes in and about metal mines, 
coal mines, and quarries in the United States during 1911, 1912, and 1913. a 





Cause of death. 


Kind of mine. 


Falls of 
over- 
burden, 

roof, 

quarry 

material, 

ore, or 

coal. 


Explo- 
sives. 


Haulage 

and 

handling 

rock, 

ore, or 

coal. 


Falls of 
persons. 


Elec- 
tricity. 


Ma- 
chin- 
ery. 


Gas and 
dust 

explo- 
sions. 


Other 
causes. 


Total. 


1911: 

Metal mines . 


32.52 
48.58 
25.53 

34. 82 
48. 77 
23.94 

36.16 
45. 39 
20.77 


11.23 
4.93 
26.60 

14.21 
5. 64 
22.07 

13. 04 

4.96 

24.04 


7.63 
17.54 
20.21 

9.99 
19.11 
22.07 

11.42 
18.63 
18.04 


15.39 
1.54 
8.51 

13.91 
1.19 
8.91 

12.31 
1.80 
9.29 


2.45 
3. 46 
1.06 

3.78 
3.60 
1.88 

3.80 
3.16 
2.73 


3.16 
1.77 
9.04 

3.78 

1.86 

10.80 

3.94 

1.79 

10.92 




27.62 
8.24 
9.05 

19.51 
7.08 
10.33 

19.33 

5.81 

14.21 


100.00 


Coal mines... 
Quarries 


13.94 


100.00 
100. 00 


1912: 

Metal mines . 




100.00 


Coalmines... 
Quarries 


12.75 


100.00 
100. 00 


1913: 

Metal mines . 




100.00 


Coal mines... 
Quarries 


18.46 


100.00 
100. 00 









a Fay, A. H., op. cit., p. 67. 

As may be seen from Table 4, the percentage of fatalities due to 
these three causes was in 1911, 72.34; in 1912, 68.08; and in 1913, 
62.85. Falls of persons account for 8 to 9 per cent of the fatalities, 
whereas in metal mines the number of fatalities from this cause 
reaches 12 to 15 per cent. In coal mines 12 to 18 per cent of all 
deaths are due to dust or gas explosions, a danger that does not exist 
in quarries. Aside from the three chief sources of danger mentioned 
above, attention is called to the high percentage of fatalities due to 
machinery at quarries, being about three times that at metal mines 
and over five times that for coal mines. 

RESPONSIBILITY FOR ACCIDENTS. 

Responsibility for accidents falls both on operators and employees. 
The management is responsible for the safe condition of the quarry 
and the equipment; whereas on the workman falls the responsibility 
of exercising proper care and judgment in handling rock, tools, or 
explosives, and in avoiding dangerous situations. 

As regards responsibility, all accidents may be grouped into four 
classes. 

One group comprises those which may be classed as unforeseen or 
purely accidental, the results of dangers inherent in the occupation 
and unavoidable by any reasonable means. Fortunately, many acci- 
dents which were once termed unavoidable are now preventable. 
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Through the invention of new safety devices and the inauguration of 
safer methods accidents of this class are steadily decreasing in 
number, and efforts are constantly directed toward a further decrease. 

A second group comprises those accidents for which the responsi- 
bility rests on quarry operators. Workmen are obliged to labor under 
derricks, guys, overhanging rock masses, or otherwise subject them- 
selves to unseen dangers, trusting to the security of the equipment and 
the judgment of their employers. 

Responsibility for a third group falls both on operators and em- 
ployees. It includes easily recognizable dangers, such as loose scale 
on quarry roof or wall, boards with projecting nails, icy steps, and 
weak ladders. Operators should seek to remove such dangers, and 
employees should report them to their foremen and use care to avoid 
them until they are corrected. 

For accidents of the fourth group responsibility falls mainly on the 
workmen. Accidents of this class are to be attributed to carelessness 
or lack of judgment. They are the result of obvious and ever-present 
dangers due to careless handling of rock, tools, or explosives, and the 
unnecessary taking of risks in connection with hoisting, quarry cars, 
etc. Operators can assist in the preservation of lives and limbs by 
placing danger notices in conspicuous places, by covering gears, belts, 
and wires, and by making safety rules and insisting upon their 
observance; but neither equipment nor rules can take the place of 
watchfulness and judgment on the part of employees. Men are 
prone to take chances, and having done so many times and escaped 
injury, the sense of danger is dulled, and greater risks are taken. 
Sooner or later an accident results, and a lost life or limb is the 
penalty. 

SAFETY IN QUARRY EQUIPMENT. 

The attention of quarry operators is directed to a few suggestions 
pointing out the more obvious dangers in equipment. 

STEAM BOILERS. 

Of the accidents investigated by the writer during the summer of 
1914, 9 of the 69 resulting fatalities were due to boiler explosions. 
Where State laws or insurance-company regulations do not require 
boiler inspection, operators should provide for thorough inspection 
and hydrostatic-pressure tests every six months. Compressed-air 
tanks, although not exposed to the same extremes of temperature as 
boilers, are subject to the danger of explosions no less violent or dis- 
astrous, and consequently should be tested in the same way as 
boilers. 
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MACHINERY. 

As previously noted, accidents from machinery are much more 
common in stone quarries than in metal or coal mines. This is due 
partly to insufficient inspection and parti} 7 to laxity and carelessness. 
Many of the accidents that are attributed to lack of care, or to chance, 
may be avoided by insisting upon the observance of a few sensible 
rules in machine design. As pointed out by Kneeland, manufac- 
turers of machines should see that angular moving parts or pro- 
jections be as few as possible, and that such projections as can not be 
readily eliminated, and all eccentrics, set screws, gears, cams, bolts, 
chains, sprockets, keyways, belts, connecting rods, cranks, and other 
dangerous revolving or moving parts actuated by power be guarded 
and protected in such mamier that the clothing of an attendant can 
not become entangled. Quarry operators can do much to promote 
safety by specifying such requirements for their new machinery. 

All belts should be adequately protected; for belts in remote 
places a pipe railing is sufficient, but belts in more exposed places 
should be protected with guards of wire netting, made from No. 12 
gage wire and of not more than 1 J-inch mesh. 

Strong supports are necessary for snatch blocks or sheaves for the 
use of cables subjected to intense strain. If such supports break, 
any one standing inside the bend of the cable is almost sure to sustain 
serious injury, as the cable may fly with such force and speed that 
escape is impossible. If eyebolts are used they should be so placed 
that the strain is along the axis of the bolt, not across it. 

ELECTRIC EQUIPMENT. 

All dangerous wires should bo insulated, and all belts and flywheels 
protected with a railing or wire netting. Quarry wires which are not 
insulated should be placed at sufficient height that men carrying 
crow bars or other metal tools may not inadvertently touch them. 
They should be so placed that contact with derrick guys or hoist 
cables is impossible. A diversion of the current through cables which 
are constantly handled is very dangerous. 

The danger from overcharge of machinery through the burning out 
of a transformer is to bo guarded against. The Bedford Stone Co., 
Bedford, Ind., employs a simple device to prevent shock by over- 
charge of machinery. The current, reduced to the ordinary working 
voltage, is passed through a series of incandescent lamps. If a cur- 
rent above the normal voltage passes through the lamps they are 
instantly burned out. One man only at each station is authorized 
to turn the switch, and he is strictly warned to turn no current on if 
these lights are out. 

o Kneeland, F. H., Safeguarding the use of mining machinery: Bull. Am. Inst. Min. Eng., January, 
1915, p. 62. 
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HOISTS. 

All gears should be inclosed with an iron or wooden railing. 
Exposed cables, especially where they pass through sheaves, should 
be covered. Hoist sheds should be situated only at points free from 
the danger of flying rock. Instances have been noted where holes 
have been broken through roofs and walls by musses of Hying rock. 
The danger to the hoistman is increased if the shed contains boilers or 
steam pipes. Accident to thehoistman, or distraction due to the dan- 
ger of accident may jeopardize the safety of quarrymen. whose welfare 
is dependent upon his operations. 

DERRICKS. 

Steel derricks are probably safer than those made of wood. The 
latter, may, however, be kept in safe condition by thorough painting 
and by frequent inspection, especially around castings and bolt holes 
where decay is most likely to begin. Safety demands a large number 
of supporting guys. For derricks having a lifting capacity of 25 to 40 
tons, ten to fourteen l^-inch iron or steel guys are regarded as suffi- 
cient. The efficiency of the guys depends upon anchorage and splic- 
ing. When properly constructed the following anchors are regarded 
as safe; ring bolts in solid rock, buried timbers when not in the ground 
too long, trunks of growing trees, well secured posts or reinforced 
concrete piers. An improved arrangement of guys is used by the 
Vermont Marble Co. on some of its newer derricks. Instead of 
spacing 12 guys regularly they are placed in 4 groups of 3 each. 
The advantage lies in the fact that 4 large safe concrete piers may be 
constructed at a smaller cost than 12 small and possibly unsafe ones. 
The need of sufficient support can not be over-emphasized. It is not 
uncommon to hear of a derrick falling. When this happens men are 
exposed to the danger of falling masts, boom, and the gear attached, 
and in addition to the derrick itself every guy is a serious menace. 

Occasionally one sees a supporting guy stretched from the top of 
one mast to the top of another, or even a series of three or four masts 
connected in this manner. Such interdependence is not to be 
recommended. Strains on the different masts may occur in the 
same direction at the same time and thus multiply the strains on a 
single guy. 

In joining or securing the ends of cables clamps are to be recom- 
mended rather than splicing. 

As the greater strain in hoisting comes on the boom rather than 
on the mast, broken booms or boom supports arc unfortunately too 
common. A series of five supporting guys (PI. I, A), as used by the 
Rockland & Rockport Lime Co., at Rockland, Me., is undoubtedly 
much safer than a single guj*. Such an arrangement, however, can 
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A. DERRICK WITH SERIES OF FIVE SUPPORTING GUYS. 




B. SAFETY GATE IN DOOR OPENING ON RAILWAY TRACK. 
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be used only in the case of a stationary boom, as one which is free 
to be raised or lowered must be supported only at the end. On 
account of the varying and excessive strains placed upon booms, they 
and their supports should possess a wide margin of safety. 

QUARRY STAIRS AND LADDERS. 

Safe and easy access to quarry excavations is desirable. For 
deep quarries stairs with numerous landings and secure handrails 
should be provided. They should be so situated that workmen are 
obliged to cross over a minimum of loose rock or slanting uneven 
floor between the foot of the stair and the working place. Double 
handrails should be provided where the stair is open at both sides, 
though a single rail is sufficient where one side of the stair is protected 
by the quarry face. The handrail should be high enough to prevent 
a person from falling over, and a parallel rail should guard the space 
between it and the stair as shown in Plate II, A. All landings should 
be provided with similar railings. All landings and flights should be 
securely braced beneath. 

Landings should be provided at intervals of 18 to 25 steps. Plate 
II, B, shows a stair well secured and well provided with handrails but 
with too few landings. No landing is provided throughout a vertical 
ascent of 47 feet. Should a workman trip or slip near the top of this 
flight the consequences would probably be very serious as no landings 
are provided to break the fall. Plates II, A, and III, A, illustrate 
quarry stairs constructed upon safe principles. 

Quarry operators who require their men to slide down steep rock 
surfaces, descend shaky insecure iadders, and clamber over piles of 
loose rock fragments are desired to consider the greater safety and 
facility of movement which such stairs permit. Undoubtedly men 
become agile by constant practice, but a slight misstep, a wet or 
muddy surface, a patch of ice, or the carelessness of a fellow workman 
may result in serious accident. Aside from the suffering, the costs 
involved in a single accident may easily reach an amount equal to 
that required for the construction of a proper stair. 

Unsecured ladders are not to be recommended, except for short 
flights such as from one quarry bench to another. Ladder steps 
should be notched in rather than merely spiked to the side supports. 
All ladders should have nonslipping feet. 

The main hoist is used as a substitute for a stair in many deep 
quarries. The workmen stand or sit in a large pan or box which is 
lowered or raised by means of the hoist engine. It is desirable that 
the box used for hoisting men be employed for no other purpose. 

After safe and adequate means of descent and ascent in quarry 
excavations have been provided for, strict rules should be made pro- 
hibiting workmen from using any other means than those provided. 
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The advantage of a safe quarry stair is lost if workmen prefer and are 
permitted to slide down slanting surfaces or scramble over loose rock 
piles. 

Quarry excavations in which men are employed, and exposed 
abandoned excavations, should be provided with adequate railings. 
Open unprotected pits are serious danger points, both for men 
employed about the quarries and for others who may live or work 
near by. 

SIGNALING APPARATUS. 

A proper signal system for communication with the hoist man is 
important. Where the signalman is within plain view of the hoist 
man, arm-motion signals are satisfactory. In some deep quarries 
where the signalman is out of sight, signals are relayed. This is bad 
practice, both as regards economy and safety. An additional man 
is required, and the danger resulting from mistaken signals is increased. 
Where smoke or steam interfere, arm-motion signals should not be 
used. In quarries where coal-burning steam boilers or steam ma- 
chines arc used, clouds of smoke or steam may momentarily hide 
the signalman, perhaps at a critical time in hoisting, and result in 
accident. Signaling directions by shouting, where noisy operations 
are conducted, is an uncertain method and may lead to serious mis- 
takes. An electric bell is commonly employed, but even when great 
care is exercised it sometimes fails to act. A bell pull is considered 
the most dependable and most satisfactory form of signal. It is 
preferred to the telephone system which has been installed in some 
quarries. In quarries where much hoisting is done the sole duty of 
one man should be to signal hoisting directions. At times when 
men are hoisted, it is recommended that the hoist man repeat the 
signal to the signalman in order that no mistakes occur. 

STEAM AND SMOKE IN QUARRIES. 

The use of channeling machines with portable boilers using soft 
coal results in the production of dense clouds of smoke and steam, 
which constitute certain inconveniences and dangers. The most 
obvious of these is the obscuring of a distinct view of the signal- 
man, who gives directions to the hoist man. The presence of a 
dense cloud of smoke or steam at a critical time may result in serious 
accident. The general discomfort and painful effects of smoke and 
cinders hi the eyes is another reason why such types of machinery 
are not desirable. 

The use of steam channeling machines and drills in confined 
quarries, especially in cold weather, makes the quarry so foggy 
that the men in it are in constant danger from unseen descending 
chains or boxes, and ascending blocks of stone. The condensed 
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moisture saturates the clothing of workmen, exposing them to the 
dangers of colds and chills; also it keeps rock surfaces and stair or 
ladder steps moist and slippery, increasing the danger of accident 
from falls. The use of compressed ah* obviates such dangers. 

VENTILATION. 

Where blasting is carried on in confined tunnels, as in many- 
marble quarries, artificial ventilation is necessan 7 . The Vermont 
Marble Co. has provided for ventilation of its tunnels at West Rutland 
by powerful fans which draw the impure air out through large wooden 
conduits. As tunnel methods of quarrying are becoming more and 
more common, many other operators must soon face the problem of 

ventilation. 

FINISHING PLANTS. 

The most obvious points of danger in finishing plants are unpro- 
tected gang saws, connecting rods, belts, and flywheels. Wooden 
railings or wire netting placed around such machinery would mini- 
mize the danger. Fire risk may be lessened by adequate water 
tanks and hose in convenient places, and by numerous fire extin- 
guishers. Some companies have installed sprinkler systems. 

QUARRY-CAR EQUIPMENT. 

The frequency of accidents due to rock haulage is noteworthy. 
Usually heavy grades are encountered and accidents may result 
from the failure of the brake to act when most required. Where cars 
must contend with heavy grades, emergency brakes should always 
be provided. Careful tests should be made before descent is 
attempted, and all brake machinery should receive frequent and 
careful examination. 

All roadways and tracks should be so guarded by timbers or other- 
wise that cars or wagons can not run into quarry excavations. 

SYSTEMATIC INSPECTION OF EQUIPMENT. 

Deterioration and resulting weakening of equipment demands 
constant vigilance. Repeated strains, wear, rust, decay, or dis- 
placement of parts may cause dangerous breakages unless observed 
and the defects corrected. A plan of systematic inspection required 
by the Vermont Marble Co. is to be highly recommended. Inspec- 
tors, who are capable engineers, are required to examine carefully 
and report on all equipment at stated intervals. Their duty is not 
to gloss over defects but to uncover them. A breakage due to 
defective equipment which had been reported as safe would be 
sufficient reason to accuse the inspector of inefficiency or careless- 
ness, so that it is to his interest to detect and report all defects imme- 
diately. For a large company operating many quarries, one or 

96098°— 15 3 
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even several engineers may be required to give their entire time and 
attention to this duty. It is greatly to be desired, however, that 
smaller companies operating but one or two quarries should follow 
the same principle. It is important that the inspection should be 
systematic, and at a set time, for example, every day or every 
second day for hoists, cables, slings, and chains, and every week or 
every two weeks for masts and booms. Inspection should be com- 
plete, touching every detail of equipment. The hoist man is the 
logical man in small quarries to conduct such examinations. 

In this connection quarry operators should encourage their work- 
men to point out defects or dangers. Many laborers or machine 
runners are intelligent and keen observers, and their suggestions 
should be welcomed. They may, however, hesitate to report dangers, 
considering such action to be outside their duties, and so should 
meet encouragement and not rebuffs when they offer suggestions. 
Some even consider it an act of cowardice to report dangers, or to 
refuse to work where such dangers exist. This erroneous idea is 
fortunately giving way to more sane conceptions of safety. The 
workman who reports a weakness or defect that is a menace to 
safety is performing a real service to his fellow-workmen, his 
employer, and himself. 

SAFETY IN QUARRY METHODS. 

Many accidents in quarries are due neither to faulty equipment 
nor lack of caution, but to faulty quarry methods. Some improved 
methods tending toward increased safety are briefly outlined here. 

BLASTING. 

The frequency of accidents due to explosives demands that better 
methods and greater care be exercised. Of 115 fatal and serious 
accidents investigated, 11 of the 69 fatalities and 18 of the 46 serious 
accidents were due to explosives. Twenty-four per cent of all the 
quarry fatalities in 1913 were due to explosives. When it is taken 
into consideration that in all marble quarries and in many structural 
sandstone and limestone quarries very little blasting is don< . 
percentage of accidents among those who are subject to the dangers 
of blasting work is much higher than the above figures indicate. 

Safe methods are emphasized in the following paragraphs, and 
on page 30 important rules are given for the proper care required in 
blasting operations. 

EXPLOSIVES. 

Both black blasting powder and high explosives are used exten- 
sively in quarrying. Those whose duty it is to work with explosives 
are urged to obey strictly the rules for storage and handling supplied 
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by the manufacturers with every box or can shipped. Copies of 
such rules should be posted in prominent places where blasting is 
carried on. As few men as efficiency will permit should be allowed 
to handle explosives. 

Dynamite deteriorates with age and becomes less sensitive and effi- 
cient, consequently dynamite kept for a long period of time is danger- 
ous. When a new supply is placed in the magazine, that which 
remains on hand should be placed to one side and later piled on top 
of the new explosive in order that the old may be used first. 

Dynamite and other high explosives containing nitroglycerin may 
become frozen during cold weather and should never be cut or used 
while in this condition, because it is highly dangerous to handle nitro- 
glycerin explosives when partly thawed. They should be thawed 
only with proper apparatus and never before a fire, on hot steam 
pipes, in hot water, or by placing them in the sun. Figures of a 
proper thawing apparatus are shown in Bureau of Mines Bulletin 80, a 
" A Primer on Explosives for Metal-Miners and Quarrymen. " Every 
man who handles explosives should obtain the bulletin mentioned 
and become familiar with the rules given therein. 

No more explosive than is necessary for a single blast or series of 
blasts should be taken into the quarry at one time. 

LOADIXG. 

Where black powder is used, it should be loaded into the holes 
with a funnel, and care should be taken that none is scattered about 
as it might cause a premature explosion by boot nails striking fire 
on the rock surface. For use in seam} r rock black powder should be 
made up in paper cartridges, otherwise some of it may be disseminated 
in cracks, and undischarged powder may result in a dangerous explo- 
sion if struck with a pick or other metal tool. Where loose powder 
is exploded in open seams, it should always be covered with sand to 
prevent premature discharge. 

Another danger in loading is due to flying sparks from steam 
shovels or quarry locomotives. In loading deep holes with powder 
a shield should be used. One type of shield, used in the open-pit 
iron mines of Minnesota, is shown in Technical Paper 30. b To guard 
against sparks the Solvay Process Co. in its quarry near Syracuse, 
N. Y., erect a tent over the hole while loading is being done. 

Where deep-hole blasting is employed, accidents sometimes result 
from improper methods of lowering the explosive into the holes. 
Dropping dynamite sticks into holes many feet deep is a common 
practice at some quarries, although it is felt that some other method 

oMunroe, ('. IC, and Hall, Clarence, 1915, pp. 95, 96, 

6 Woodbridge, l>. E., Mine-accident prevention a1 Lake Buperiar iron mines: Tech, Paper 30, Bureau 
Of Mines, 1913, p. 28. 
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might result in greater safety, efficient and safe means of lowering it 

are uncommon. 

A simple device for lowering dynamite into blast holes is employed 

by the Dolese & Shepard Co., at Novak, 111. It was invented by 

George T. Chambers, quarry superintend- 
ent. By kind permission of the com- 
pany and inventor a description and fig- 
ure are presented. 

The holder (fig. 1) consists of a pair of 
tongs with the blades trowel-shaped to 
fit the cartridge. A rope which branches 
in a V to the upper end of each handle 
holds the jaws shut and prevents the 
cartridge from falling out. A second 
cord is employed to release the car- 
tridge. It is attached to the upper end 
of a bar with a slot, through which 
passes the intersection of the jaws at 
their pivot. This slot allows the bar 
to slide upward when the cord is pulled. 
At the lower end of the slot is a roller 
which ascends in the inverted V formed 
at the pivot and spreads the jaws 
of the holder, releasing the cartridge. 
An improvement which might be sug- 
gested for this device would be to make 
it of hard wood rather than of iron. 
There are two dangers surrounding the 
use of a metal instrument. First, nitro- 
glycerin may get around the pin where 
the jaws work against each other and 
so cause an explosion by friction. Sec- 
ond, the lowering of sticks repeatedly 
into the same hole may result in small 
bits of dynamite being rubbed off on the 

Figure l.-IIolder for lowering dyna. W alls of the hole or small particles rcma ill- 
mite into blast holes. . . c , i • i 

mg on the jaws ot the instrument, and 
these may be struck between the iron and the rock surface in 
hauling the device from the hole. 

PREPARATION FOR FIRING. 

As regards methods of blasting, the greatest danger in blasting is 
from delayed blasts, partly exploded charges, and misfires. If a 
series of holes are shot at the same time, the failure of one or more 
charges to explode may not be observed, and subsequent operations 
may cause the discharge of the explosive in the missed holes. In the 
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case of incomplete detonation, pieces of dynamite or some unexploded 
powder may be scattered among rock fragments and thus constitute a 
grave danger if struck by metal tools. Where explosions are delayed^ 
there is risk in a too hasty approach to the danger zone. Conse- 
quently the methods emphasized relate to complete detonation and 
avoidance of misfires. 

ELECTRIC AND FUSE FIRING. 

Electric firing is to be preferred to fuse as the results are instan- 
taneous and there is no waiting in suspense; moreover, there is prac- 
tically no danger of delayed explosions. In order to obtain complete 
discharge the use of detonators is recommended. If fuse is employed, 
it should be inserted gently into the detonator and crimped with a 
proper tool. The rate of burning of the fuse should be known approxi- 
mately, and sufficient length allowed to permit escape to a safe 
distance. Fuse should be kept dry and handled carefully, it should 
not be bent suddenly when stiff from cold, nor rubbed against rough 
surfaces. When cut care must be taken that the powder core does 
not run out. Electric firing with electric detonators is safer, surer, 
and altogether more satisfactory than with fuse. Wire connection 
with detonators and with leading wires should be carefully made. A 
complete discussion of the use of fuse, detonators, and electric deto- 
nators will be found in Bulletin 80. a 

The two following paragraphs on methods of connecting shots and 
relative safety of the two methods were kindly supplied by H. H. 
Clark, electrical engineer of the Bureau of Mines. 

METHODS OF CONNECTING SHOTS — SERIES AND MULTIPLE. 

There are two general methods of connection that may be used 
when several shots are to be fired at one time. These methods are 
known as series connection and parallel or multiple connection; their 
distinguishing characteristics are shown in figure 2. As a general 
rule, shots should be connected in series when they are to be dis- 
charged by hand, or by spring-operated magneto generators, because 
these generators have not sufficient current capacity to fire shots in 
multiple. Where the shots are discharged bycurrent taken from a 
power circuit, either series or multiple connection may be used. If 
shots are connected in series, a minimum potential of about 1 \ volts 
per shot will be required if the source of potential is constant, and if it 
is variable, as is the case when hand or spring operated magneto 
generators are used, a somewhat larger voltage will be desirable. The 
source of power used to fire shots connected in series should be 
capable of supplying at least 1 ', amperes. 

a Mtmroo, C. E., ami Ilall, Clarence, A primer on explosives for metal miners and quarrymen: Bull. 80, 
Bureau of Mines, 1915, pp. 20-53. 
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When the shots are connected in parallel, the source of power 
should have sufficient capacity to supply about an ampere for every 

shot to be fired, and should be capable of supplying sufficient potential 

to force the total current 
through the conductors that 
connect the shots to the 
source of power. 

RELATIVE SAFETY OF THE TWO 
V, ETHODS. 

When the shots arc con- 
nected in series, it is easy 
to make a preliminary test 
to determine whether or 
not the circuit is open and, 
barring the presence of 
defective detonators, all 
shots will be discharged if 
the proper voltage is ap- 
plied to the firing circuit. 
If the shots are connected 
in multiple, there is no easy 
way of testing for poor 
connections or for faulty 
detonators, and conse- 
quently the presence of 
either is more likely to pass unnoticed. On the other hand if the 
shots are in wet ground and the wires are not properly protected 
from moisture and from leakage to ground, it is quite possible for some 
shots to fail when connected in series that would surely be discharged 
if they had been connected in multiple. It is practically impossible 
to state which of the two methods of connection is inherently safer if a 
sufficient supply of voltage and current is available. 

Faulty connections arc probably the most prolific cause of failures 
of shots, and the best advice is to emphasize that connections should 
be made very carefully, that wires should be prevented from leaking 
to ground or short-oircuiting with each other, that firing machines 
should not be overloaded with shots or used for firing in multiple 
when they are designed for firing in series only, and that all conduc- 
tors used in connection with shot firing should be of ample size to 
carry their required current without appreciable decrease in voltage. 

TESTING INSTRUMENTS. 

The danger of misfires may be minimized by the use of a testing 
galvanometer. This simple instrument employs a very weak current 




Figure 2.— .1, wiring ia series; />', wiring in parallel. 
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which is insufficient to fire the charge but enough to deflect a needle 
and thus indicate a perfect wive connection. When the test is made, 
leading wires should be long snough to prevent any mishap. If such 
tests are made before tamping, wiring defects may be corrected. 

ACCIDENT FROM EXPLOSION OF A MISFIRE. 

A fatal accident of recent date resulted from cleaning out a hole 
containing an undischarged blast, the presence of which was unknown. 
A number of holes which had been loaded and wired in series failed 
to explode, indicating a defective connection. They were then wired 
in parallel and discharged. If shots fail to explode when wired in 
series it is evident that on account of a break in the circuit at some 
point one of the shots will probably fail to explode when wired in 
parallel. This evidently happened, and the unexploded shot later 
caused the disaster. 

Several means of preventing such an accident may be mentioned. 
When the shots failed to detonate at the first attempt a galvanometer 
could have been employed to test each shot in succession and deter- 
mine which one was defective. After firing in parallel any tampering 
with the defective hole or with the rock loosened by the blast 
should have been carefully avoided until it was determined whether 
or not the shot had exploded. If the galvanometer test had been 
made prior to tamping, a cartridge with a new detonator and con- 
nections could have been added. 

One important lesson should be learned from this and similar 
accidents. It is unwise to assume that explosions will discharge 
blasts in adjacent holes. A quarryman who had 8 years' experience 
in blasting out 2-foot channels in granite states that in four cases out 
of five a dynamite blast will fail to discharge a similar blast in a hole 
of equal depth 26 inches away. Not knowing details of size of 
charge or grade of explosive the actual proportion may mean little, 
but the fact is significant. 

F( r important suggestions regarding safety in blasting and for 
complete details on safe methods of wiring, quarrymenare referred to 
Bureau of Mines Bulletin 80,° which will be sent on request directed 
to the Washington office. 

STEMMING AND TAMPING. 

Sand or powdered rock are commonly used for stemming in quarry 
work. An iron or steel bar should never be employed to tamp or to 
force explosives down into holes, especially in rock containing any 
form of silica such as quartz, flint, or chert. As such minerals may 
occur in almost any rock they constitute a grave danger where iron 

« Munroc, ('. E., and Hall, Clarence, A primer on explosives for metal miners and quarrymen: Bull, so, 
Bureau of Mines, 1915, pp. 17-^53. 
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bars are used. A copper-tipped bar is sometimes used, but is not 
recommended. All tamping bars should be of wood. A plug of 
wood suspended by a rope is a convenient means of tamping deep 
holes. 

CONNECTING WITH LEADING WIRES. 

The following rules a given in Bureau of Mines Bulletin SO should be 
followed : 

CONNECTING LEGS TO LEADING WIRES. 

An electric igniter or an electric detonator should be so loaded into a bore hole that 
while it is in perfect contact with the charge the legs of the igniter or detonator reach 
at least 6 inches out of the completely stemmed and tamped hole. Both legs should 
be bared of their insulation for about 2 inches from their ends, and the wires so cleanly 
scraped that a good electrical contact can be made with them. Each leg is then 
firmly connected with one of the leading wires by about five turns. 

SPLICES SHOULD NOT BE OPPOSITE — WRAPPING SPLICES. 

It is bad practice to have the two splices directly opposite each other, because when 
the leading wires are pulled the splices may touch one another and thus make a short 
circuit, which will prevent the electic igniter or electric detonator from being exploded . 
A better plan is to wrap the bare-wire splice with tape made for the purpose, which 
completely insulate them. 

CONNECTING LEADING WIRES TO FIRING MACHINE. 

After the legs are spliced to the leading wires [and not till then], the wires are con- 
nected to the firing machine, from which the electric current is to be obtained. This 
last connection should never be made until all the men are at a safe distance from the 
place where the blast is to be fired. 

ALL CONNECTIONS TO BE MADE FROM BORE HOLE TO FIRING MACHINE. 

The rule should be made and never broken that when bore holes are charged the 
"connecting up" shall move from the bore hole back to the firing machine. The 
work in all blasting operations should be so organized that it can never be possible for 
the leading wires to be coupled to the firing machine while anyone is about the place 
where the holes are being charged and where the blast is to be fired. 

WARNING SIGNALS. 

If possible, blasting should be done before or after working hours, 
while workmen are absent from the quarry. In any case ample 
warning should be given. In some quarries two whistles indicate 
small ''pop-hole" shots, and three whistles those of a more dangerous 
character. If a series of shots are to be fired, warning whistles should 
be sounded both before and at the end of the blasting, in order that 
there be no premature leaving of shelter. 

a Muiiroe, C. E., and Kail, Clarence, A primer on explosives for metal miners and <nuirrynien: Bull. SO, 
Bureau of Mines, 1915, pp. 47-lv 
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SHELTERS. 

Safe shelter should be sought for every blast. One should be 
protected from flying fragments and also have overhead protection 
from small pieces, which may be blown high in the air and fall almost 
vertically. There is great danger, especially in granite quarries, of 
small fragments being projected to so great height that men may 
leave their shelter before these fragments fall. Semicircular cone- 
shaped shelters of sheet metal are recommended. If provided with a 
ring at the top, they may be easily placed in any desired position by 
means of the quarry or yard derrick. 

FIRING SHOTS. 

The man who loads should fire, and no one else should be allowed 
to touch the switch or firing machine. Accidents have resulted from 
misunderstandings and confusion of orders when one man loads and 
another one fires. 

One method of firing can not be too strongly condemned. It 
consists in filling a hole with powder and then pouring a trail of 
powder over the rock surface for a distance of 5 or 6 feet. By 
scratching the rock surface with a steel drill the trail is ignited and 
quickly fires the charge. The time allowed for seeking safe ( ?) shelter 
averages from two to three seconds. No further comment is necessary. 

Plenty of time should be allowed before approach to the danger 
zone after firing, especially if fuse is used. A delayed discharge may 
smoulder several minutes. Careful investigation should be made of 
misfires and incompletely detonated charges. 

PROCEDURE IX CASE OF MISFIRES OR REPEATED SHOTS. 

A source of danger in making subsequent shots is in loading a 
second charge into the hole too soon after the explosion has taken 
place. The rock may be hot, or burning fragments of fuse may 
remain in the hole. 

In case of misfire a charge of powder may, if fuse alone was used 
and no detonator, be removed after careful removal of the stemming. 
both stemming and powder being thoroughly wetted during the 
process of removal, but if a detonator is present in the charge its 
removal should not be attempted. Charges of dynamite should 
never be removed. The process is too dangerous. A second hole 
should be drilled not less than 2 feet away and after blasting careful 
search should be made for pieces of dynamite which have not ex- 
ploded. If the directions for wiring, given in a previous paragraph, 
are followed, misfires should be of rare occurrence. 
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HANDLING OF QUARRY MATERIAL. 
CABLE ATTACHMENTS. 

Many accidents are caused by falling rock during the process of 
hoisting. Such falls may be due to weak hoisting equipment or to 
faulty attachment. The first of these dangers has been discussed in 
page 12. Assuming that the equipment is sufficiently strong, safety 
in hoisting depends largely upon the method of cable attachment to 
the block. The three, common modes of attachment are grab hooks, 
chains, and cable slings. 

GRAB HOOKS. 

Grab hooks are commonly used in sound rock. They should never 
be used in rock having planes of weakness such as mica bands, as the 
weight of the suspended lower part of the block may cause a separa- 
tion along such a plane, allowing a mass to fall. Even in seemingly 
sound rock an unseen fracture may cause a similar fall of rock. The 
mass must he balanced with care or it may rotate and cause the hooks 
to slip. There is constant danger of a comer breaking out, allowing 
the block to fall. This danger is lessened if grab-hook holes are 
property made. A common error is to assume that deep holes insure 
greater security than shallow ones. If holes arc made too deep the 
danger is increased, as the pressure falls on the bend of the hook and 
may cause the corner of the block to chip off. The hole should be 
deep enough to give a secure hold but the weight should fall on the tip 
of the hook resting in the bottom of the hole. As regards safety the 
use of grab hooks is not to be recommended. 

CHAINS. 

A chain passed completely around a block is safer than grab hooks. 
There is little chance of a block falling as long as the chain holds; 
there is, however, the ever-present danger that the chain may break. 
A chain is of uncertain strength and breakage is usually unexpected. 
A weak link can not readily be detected, as defects in a chain are for 
the most part invisible. An instance is reported of a link breaking 
and flying with such force that it killed a workman 50 feet away. 
If a chain is used, it should be massive enough to bear strains far 
beyond those ordinarily required of it, and it should have frequent 
and careful examination for evidence of defects. 

CABLE BUNGS. 

The best and safest mode of attachment is by steel cable slings, as 
shown in Plate III, B. The great advantage of steel cables is the ease 
with which ilaws or weakness may be detected. A cable consists of 
many strands and a flaw in any one strand does not materially weaken 
the whole group. xVlso, there is less difficulty in balancing blocks 
when double loops are used. 
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USE TOOLS INSTEAD OF HANDS. 

The handling of blocks of stone with hands or arms should be 
avoided as much as possible. Some quarrymen, realizing the ever- 
present dangers surrounding suspended blocks of stone, require all 
swinging to be done by means of ropes attached to the blocks. This 
permits the workman to stand at a safe distance from rock, boom, 
and supporting guys or cables. A hook should be used rather than 
the hands for hauling chains beneath blocks of stone. Especially 
should one avoid passing, or placing an arm or leg, between or near 
masses of stone where there is the slightest danger of their tipping. 

DANGER FROM USING HOIST TO ASSIST BAR GANG. 

In pulling blocks it is customary in some quarries to use the derrick 
hoist to assist the bar gang in turning down blocks. The strain 
exerted by the derrick undoubtedly assists the bar, but it is a dan- 
gerous practice where the power of the hoist exceeds the strength of 
the derrick. Until a block is perfectly free the interlocking of irreg- 
ularities on the surfaces prevent freedom of motion, and in order to 
move the block a strain far hi excess of the actual weight of stone is 
necessary. Great care should be exercised to avoid the danger of a 
broken boom or cable. It is much safer to throw down the block 
with a quarry bar before attaching the hoist cable. 

REMOVAL OF KEY BLOCKS ON A SLANTING FLOOR. 

In some marble quarries excavation is conducted on a slanting 
floor. If the grade approaches 45°, the separation of key blocks from 
the quarry floor by the ordinary method of drilling and wedging is 
dangerous, as the block when broken free may slide downward on the 
workmen. To overcome this danger in a section of the Albertson 
quarry of the Vermont Marble Co., where the quarry floor slants 45° 
to 48°, a single hole is drilled beneath the block and in this hole a 
small charge of black blasting powder, sufficient to break the block 
loose, but not large enough to shatter it, is exploded. By this method 
men are not obliged to work in dangerous positions. 

FALLS OR SLIDES OF MATERIAL. 

Accidents from falls or slides of material are numerous. Some are 
due to faulty quarry methods and some to lack of care. Th" latter 
class are considered in subsequent pages Tinder the heading "Safety 
through proper care." Some defective methods resulting in slides of 
quarry material are presented in the following paragraphs. 
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SLIDES of OVERBURDEN. 



Where the removal of a heavy covering of soil is necessary, safety 
demands that two important considerations govern the plan of strip- 
ping. (1) Soil is less coherent than rock and can not be safely exca- 
vated from a very steep face. The danger of falls or slides may be 
decreased by avoidance of overhanging or unduly steep walls. The 
conditions of safety are governed by the nature of the material and 
by other circumstances. A bank which appears perfectly safe may 
on account of excessive rain or if frozen may when thawed become 
quite dangerous. (2) The stripped rock surface between the bank 
and the quarry pit should be wide enough that there is no danger of 
soil falling or bowlders rolling over the edge of the excavation. Seri- 
ous accidents have resulted from slides of overburden into the quarry 
pit. The practice of making stripping walls almost continuous with 
quarry walls is very dangerous. If the stripped surface is narrow, or 
if it slants toward the excavation in such a manner that there is a 
possibility of material falling over the edge, a protecting fence should 
be maintained along the edge of the pit. 



SLIDES OF ROCK AT THE WORKING FACE. 



In quarries which produce rock for crushing, lime burning, etc., the 
hand loading of fragments at the quarry face necessitates certain 
risks. Where it becomes necessary to work at the base of a steep 
pile, workmen should always maintain a clear way of escape. It is 
customary hi some quarries for the quarryman to pick out certain 
qualities and sizes of stone and pile them behind him ready for 
removal by car. Serious and even fatal accidents have resulted from 
thus building a barrier which prevents escape when a rock slide takes 
place. 

DANGER AROUND WASTE HEAPS. 

A similar danger exists around steep waste heaps, especially where 
a roadway passes close to the heap. Blocks may roll down the steep 
face and injure men or teams which may be working near by or may 
be passing along the road. W T aste rock should be built in a secure 
protecting wall on the exposed sides of such heaps. 

DANGERS OF BENCH QUARRYING. 

Where a quarry is carried downward in a series of steps or benches, 
especially in quarries for the production of cement, lime, or crushed 
stone, the laborers at the foot of a bench are in constant danger of 
rock falling from the bench above them. Methods of deep drilling 
are not only more efficient, but entirely overcome tins danger by 
eliminating the benches. In many quarries drill holes are driven 
50, 60, or in some cases over 100 feet in depth, and the quarry thus 
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worked as a single bench. If a steam shovel can be used on the shat- 
tered mass the danger of falling rock at the working face is decidedly 
decreased. 

FALLS OF HOISTED MATERIAL. 

A similar danger exists where hoisted material is deposited too 
close to the edge of the excavation. Blocks should be deposited 
at least 10 feet from the edge, and secured in such a manner that there 
is no possibility of their falling back into the pit. 

DANGER FROM ROOF FALLS IN TUNNELS. 

The term " tunnel" in quarrying refers to level or inclined under- 
ground workings beneath a ceiling of undisturbed rock. It is used 
in contrast with the "open pit," in which the opening is the full size 
of the excavation. An intermediate form is the "undercut" quarry, 
in which the walls slant outward, making a constantly wider floor 
space with increasing depth. 

The security of a tunnel ceiling from collapse depends upon the 
soundness of the rock, and the arrangement and spacing of the pil- 
lars. In sound rock pillars 20 feet square may be spaced 60 to 100 
feet apart. The spacing depends greatly on the nature of the rock, 
and keen judgment must be exercised. A wide margin of safety is 
desirable. Pillars may be arranged in regular rows in two directions 
at right angles, or they may be "staggered" so as to occupy positions 
opposite the middle of the spaces in the adjacent rows. The latter 
arrangement affords more efficient support than the former for the 
number of pillars employed. 

DANGERS FROM UNDERCUTTING. 

Where moderate undercutting is employed, the danger from rock 
falls is not as great as in tunneling. Where a quarry is extended 
greatly by undercutting, the overhanging rock requires support. 
That the need of support was not in certain cases sufficiently appre- 
ciated during early operations is shown in several marble quarries 
where present security has demanded the construction of large rein- 
forced concrete piers or supporting walls. These take the place of 
the wing supports or buttresses of marble, which should have been 
left during the process of excavation. Quarrymcn should foresee 
this need and meet it by leaving strong wing supports of rock to but- 
tress the overhanging walls. If such supports have not been pro- 
vided, adequate reinforced concrete beams should be constructed 
before the danger of collapse becomes pronounced. Instances have 
been noted where this apparent danger has been so long neglected 
that fatal accidents have resulted or have been averted only by 
a very narrow margin. 
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SAFETY IX COMBINED TUNNEL AND UNDERCUT. 

Under certain conditions a narrow tunnel may be driven and then 
widened by undercutting. Economy of material justifies this method 
only where the available rock is in a comparatively narrow vertical 
or nearly vertical band, such as a steep and narrow marble bed. If 
the upper part is strong enough for a secure roof, a narrow tunnel 
may be blasted, and the floor gradually widened by undercutting. 
By leaving wing supports at intervals security from collapse is assured, 
and the slanting walls are. as a rule, less liable to scale than the 
horizontal roof or top. 

DANGER FROM ROOF AND WALL SCALE. 

An ever-present danger in rock tunnels is from falling scale. Small 
fractures develop into larger ones, and a roof which is quite safe 
may in a short time become dangerous. In cold climates cracks 
are more likely to occur where water drips through the roof, as the 
freezing of water in cracks and cavities results in the formation of 
dangerous fractures. If any reservoir exists above the quarry roof 
where water may accumulate and constantly drip through, it should 
be drained. Such drainage would undoubtedly decrease the danger 
from scale. Also the detonation of blasts in tunnels undoubtedly 
tends to loosen scale. 

The removal of scale requires constant and systematic attention. 
As pointed out by Brunton and Davis," careful and regular examina- 
tion of the roof and walls is necessary. The "sound" of the roof is 
not a sure test of its security. The method recommended for testing 
the roof is to strike it with a pick or hammer and at the same time 
touch the doubtful piece with the hand or with a stick. If any 
vibration is felt, the rock is unsafe and should be removed. Walls 
should be inspected in the same manner as the roof. This is espe- 
cially true of quarries in rock with bedding nearly vertical, such as 
certain limestone quarries. As rock scales off much more readily 
parallel with the bedding than across it, the danger in such quarries 
is great. Regular and frequent inspection and the removal of the 
scale while no one is working in the quarry is essential. There is 
special need of such inspection in the spring when thawing begins 
and the effects of winter frosts are most pronounced. 

SAFETY THROUGH PROPER CARE. 

THE CAREFUL HABIT. 

Responsibility for due care rests with the employer as well as 
with the employee. Quarry operations should be carried on under 
the supervision of a person fully competent and familiar with all 

a Brunton, D. W., and Davis, J. A., Safety and efficiency in mine tunneling: Bull. 57, Bureau of Mines, 
191 1, pp. 17-19. 
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phases and details of the work. He should strictly enforce all safety 
rules and regulations. 

An attempt to enforce rules will, however, probably fail unless the 
foreman himself obeys the rules, and observes all necessary safety 
precautions. Superintendents and foremen are recognized leaders 
and their judgment is respected. If they are reckless of danger, the 
same recklessness is apt to prevail among the men under them. On 
the other hand, if the}' are constantly careful of their own safety, 
and consistently refuse to send men into dangerous situations, the 
same element of caution will prevail among the men. 

Upon the workman himself, however, great responsibility rests. 
It is useless to cover machinery with guards and railings, and expect 
that they alone will serve as adequate protection. No guard will 
protect the man who is habitually careless. Workmen should realize 
that " taking a chance" is a moral crime against then employers 
their fellow workmen, their families, and themselves. Cultivate the 
habit of being careful. 

CARS AROUND MACHINERY. 

No one who works around revolving shafts, wheels, or winding 
cables should wear loose clothing with parts which may become 
entangled in the machinery. 

Never attempt to put on a belt while the machine is running, 
except with the very slow motion which is necessary to run the belt on. 

In handling quarry or railroad cars, a brakeman commonly runs 
ahead of the moving car to throw a switch. A strict rule should be 
made that running along the track ahead of a moving car shall not, 
under any circumstances, be permitted. Where switching opera- 
tions are conducted, a path beside the tracks should be provided 
and should be invariably used. Accidents due to men tripping and 
being run over before they can recover their feet are of so common 
occurrence that an employer is justified hi dismissing a man for a 
violation of this rule. 

None but those engaged in transportation duties should be allowed 
to ride on quarry or railroad cars, unless proper provision is made 
for the carriage of passengers. 

Walking on quarry tracks is dangerous, especially if cable cars are 
controlled from a hoist shed. If the tracks are steeply inclined, the 
danger is greater. 

If it can be avoided in any way, never work inside the bend of a 
cable where it runs over a sheave under strain. 

Never carry a crowbar on the shoulder when walking under dee- 
trie wires. 

Handle electric wires or other electric equipment as little as possi- 
ble and then only with dry gloves and while standing on a dry board 
or other nonconductor. 
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Never risk life or limb to save a piece of machinery. 
At the beginning of a shift, the hoistman should carefully examine 
the hoist machinery and cable before operating them. 

CARE IN BLASTING. 

When a signal for firing is given, seek a safe shelter at once. Do 
not "take a chance." Many men have been hurt by flying rock 
when ample time has been provided to seek safety, and they have 
failed to do so. 

In seeking shelter from a blast note the direction in which pieces 
of rock are most likely to fly and avoid that neighborhood. 

Do not leave shelter until sufficient time has elapsed for all frag- 
ments to reach the ground. Small pieces may fly to great height 
and may not fall until all apparent danger is over. 

USE AND CARE OF EXPLOSIVES. 

Regarding the use and care of explosives, the following rules taken 
from Miners' Circular 6,° of the Bureau of Mines, are applicable to 
stone quarries. 

PRECAUTIONS TO BE TAKEN IN THE STORAGE OF EXPLOSIVES. 

Don't store detonators with explosives. Detonators should be kept by themselves. 

Don't open packages of explosives in a magazine. 

Don't open packages of explosives with a nail puller, pick, or chisel. Packages 
should be opened with a hardwood wedge and mallet, oustide of the magazine, and at 
a distance from it. 

Don't store explosives in a hot or damp place. All explosives spoil rapidly if so 
stored. 

Don't store explosives containing nitroglycerin so that the cartridges stand on end. 
The nitroglycerin is more likely to leak from the cartridges when they stand on end 
than it is when they lie on their sides. 

Don't repair a magazine until all explosives are removed from it. 

PRECAUTIONS TO BE TAKEN IN THAWING EXPLOSIVES. 

Don't use permissible explosives or other explosives that arc frozen or partly frozen. 
The charge may not explode completely, and serious accidents may result. If the 
e-plosion is not complete, the full strength of the charge is not excited and larger 
quantities of harmful gases are given off. 

Don't thaw frozen explosives before an open fire, nor in a stove, nor over a lamp, nor 
near a boiler, nor near steam pipes, nor by placing cartridges in hot water. Use 
thawers, such as are furnished by the manufacturers of explosives. 

Don't put hot water or steam pipes in a magazine for thawing purposes. Where 
large quantities of explosives are used, a special thaw house should be built large 
enough to hold the quantity of explosives needed for a day's work. 

<J Hall, Clarence, Permissible explosives tested prior to Jan. 1, 1912, ami precautions to bo taken iii their 
use: Miners' Circular 6, 1912, pp. 16-19. 
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PRECAUTIONS TO BE TAKEN IN HANDLING DETONATORS AND EXPLOSIVES. 

Don't carry detonators and explosives in the same package. Detonators are ex- 
tremely sensitive to heat, friction, or blows of any kind. 

Don't handle detonators or explosives near an open flame. 

Don't expose detonators or explosives to direct sunlight for any length of time. 
Such exposure may increase the danger in their use. 

Don't open a package of explosive until ready to use the explosive; then use it 
promptly. All explosives are injured by exposure to the action of the air. 

Don't handle explosives carelessly. They are all sensitive to blows, friction, and 
fire. 

PRECAUTIONS TO BE TAKEN IN USING DETONATORS AND EXPLOSIVES. 

Don't crimp a detonator (blasting cap) around a fuse with the teeth. Use a cap 
crimper which is supplied by any manufacturer of explosives. 

Don't economize by using a short length of fuse. Such practice is liable to result 
in a shot going off too soon. 

Don't use a metal tamping rod. Even a copper-tipped rod is not to be recom- 
mended. Use only wooden rods. 

Don't return to the face until at least five minutes after a shot has been fired. All 
explosives tested to date, including black blasting powder, yield inflammable and 
poisonous gases. Especially in tunnel blasting time should be allowed for these 
gases to escape. 

Don't return to the face for at least one-half hour after a misfire. Hangfires and 
misfires are most likely to happen when squibs or fuse are used. 

Don't attempt to draw nor to dig out the charge in case of a misfire. Some author- 
ities believe that the great disaster at Courrieres, France, in which 1,100 men lost their 
lives, was caused by a miner striking with his pick a cartridge he was digging out. 
Drill and charge another hole at least 2 feet away from the hole that misfired. After 
the rock has been brought down look carefully for any unexploded material. 

Don't leave any detonators or explosives in a mine overnight. The mine air usually 
contains moisture and is bad for all explosives. 

Don't use an ordinary dry-cell battery for firing electric detonators unless it is 
carried in a box having a safety key or button contact. The battery should be so con- 
structed that if the leading wires or the legs of an electric detonator should come in 
contact with its poles the current will not be discharged until the safety key or button 
is used. 

DANGERS FROM MASSES OF ROCK. 

Never place the body or a limb in a crack beside a block being 
turned down unless it is well secured and is not in motion at the time. 

When a block is being hoisted, never under any circumstances 
stand or pass beneath the block or beneath the boom and its attach- 
ments. When a block falls, broken pieces may fly to a considerable 
distance; hence you should not stand near the point from which a 
block is raised. If the pit is small, leave it until the block is safely 
removed from the excavation. 

Be careful to avoid danger from blocks or slabs in precarious posi- 
tions and liable to fall. There is special danger in removing sawn 
slabs from a sans car. 
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Never stand within reach of a hlock if there is any danger of its 
tipping over. 

Never attempt alone to turn down a 500-pound slab. Obtain the 
necessary help. Care can not be exercised without judgment. 

Waste blocks on quarry cars should be well secured to prevent 
rolling, especially when the cars are propelled by hand. 

All loose scale should be removed as soon as discovered. Special 
watchfulness should be exercised in the spring time when Ihe effects 
of the winter's frosts are most apparent. 

Open seams near a quarry pit, especially if parallel to the edge, 
may result in large masses of rock falling into the excavation. If 
such a danger is apparent, the threatening mass should be shot 
down with explosives. 

Where a quarry pit is driven in a steep hillside, all loose bowlders, 
dead trees, logs, etc., should be carefully removed from above the 
quarry opening. 

No intoxicated persons should be allowed in or around stone 
quarries. 

DANGERS FROM ICE. 

In cold climates, springs or the leakage of surf ace water through 
crevices may cause icicles to form on overhanging quarry walls 
or tunnel ceilings. The icicles may grow very large, and in the case 
of deep excavations are sources of great danger. They should be 
removed every morning or at whatever periods safety demands. 
A common and efficient method is to shoot them down with a rifle. 

Dripping water may form an icy coating on quarry gangways, plat- 
forms, and stairs. In such a case the slip of a foot may cause a 
serious fall. The situation may be remedied by suspending a board 
from the tunnel roof in such a manner as to convey the water to 
the quarry wall. If this is not practical, sand or ashes should be 
frequently sprinkled over the slippery surface. All icy paths or 
steps around a quarry should be sprinkled with sand or ashes. 

CARE IN AVOIDING FALLS. 

In cleaning down scale from quarry walls see that the rope which 
holds you is firmly secured to an eyebolt, post, or tree on the bank. 
Examine it carefully and frequently for defects caused by scratching 
over sharp rock projections. When working on a high ledge the 
rope should be attached to the body continually. Never allow an 
incompetent or careless person to control the rope by which you 
are suspended. 

Avoid working near the edge of a pit, especially where cars or 
derrick booms are operating near by. 

Unless an excavation is fenced do not walk so close to the edge 
that tripping, slipping, or a misstep can cause you to fall into the pit. 
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When changing channel bits or performing other similar duties 
near the edge of an excavation, stand in such a position and brace 
the body in such a manner that the slipping of a wrench or any other 
sudden release from strain may not cause you to fall. 

Do not ride on blocks or boxes while they are being hoisted. Do 
not ride on loaded cars. 

SIGNBOARDS AND SAFETY DEVICES. 

QUARRY SIGNBOARDS. 

For the safety of employees and other persons who may be in the 
vicinity, prominent danger signs should be properly distributed in 
necessary places. Powder magazines, surface caves, overhead tram- 
ways, and other points of danger should be guarded by prominent 
signs. Wherever quarry rules forbid admittance to hoist sheds, 
dynamo or engine rooms, or other buildings, signs to that effect 
should be posted. Poles supporting high voltage wires and other 
dangerous electrical equipment should be amply provided with 
danger signs. All rules and regulations for the safety and health of 
employees should be posted on bulletin boards, printed in as many 
different languages as the conditions demand. Employees who can 
not read should be carefully instructed in the rules and in an under- 
standing of all danger signboards. 

When safety rules have been made and posted where all can read 
and understand, compliance with such rules should be rigidly required 
under penalty of dismissal. 

SAFETY APPLIANCES. 

Reference may be made to a few simple and inexpensive appliances 
which assist wonderfully in the work of safety. 

GATES AT TRACKS. 

Where doors open directly upon car tracks a mere sign may be 
overlooked and the person step directly in front of a car. A devioe 
which tends to prevent this consists of simple swinging gates with a 
spring attachment to make them close, and with the danger sign 
attached, as shown in Plate I, B. a This device has been adopted by 
at least one quarry company. 

LOCKS FOR ELECTRIC SWITCHES. 

Locks by means of which electric switches may be locked open, and 
the key to them held by the one person whose duty it is to turn on 
the current, will prevent many serious accidents from electric shock. 

a Obtained through the courte;y of the Tennessee Coal & Iron Co. 
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LOCKS FOR STEAM VALVES. 

Where a battery of boilers is employed, it is frequently necessary 
to shut off one boiler in order to clean it out or repair it internally. 
A lock should be provided on the valve of the connecting steam pipe, 
and before entering the boiler the repair man should lock the valve 
and place the key in his pocket. The turning on of steam while a 
man was still in the boiler would be then effectively prevented. 

GAGE-GLASS PROTECTORS. 

To prevent accident from flying glass when a steam gage bursts, 
simple protectors may be purchased at small cost. 

SAFETY COLLARS ON EMERY WHEELS. 

To prevent the bursting of emery wheels and consequent dangers, 
safety collars are recommended. 

GOGGLES FOR MEN AT EMERY WHEELS. 

Toolmen working at emery wheels should be required to wear 
goggles for eye protection. A notice to this effect should be posted 
near the wheel and goggles should be provided. 

WHEEL GUARD FOR CHANNELING MACHINES. 

Many quarry accidents result from men getting their hands or feet 
caught beneath the wheels of channeling machines as they travel 
back and forth on the track. The Ohio Quarries Co., at Aniherst, 
Ohio, has a very simple device which eliminates this danger. It 
consists of an iron plate which projects downward vertically almost 
to the rail and close to the wheel. This forces a man's hands or feet 
off the track before the wheel reaches them. In quarries where it is 
customary to block the wheels when cutting out corners such a 
device would be in the way unless constructed in such a manner as 
to swing to one side. Wherever it can be used it is to be recom- 
mended. 

SYSTEMATIC RECORD OF ACCIDENTS. 

All quarry companies, both large and small, should keep a careful 
and systematic record of accidents. The cause of the accident should 
be determined, responsibility placed if possible, and the means of 
avoiding similar accidents in future carefully sought. Immediate 
steps should be taken to bring into action whatever equipment, admo- 
nition, or rule may be necessary to prevent a repetition of the acci- 
dent. Such records would be of inestimable value in the work of 
safety. A blank form used by the Ohio Quarries Co. is presented 
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here as a suggestion to those who see the wisdom of keeping such 
records. The superintendent of this quarry states that the clause 
"suggestions for the prevention of accidents of this kind in future" 
has led foremen to devise and suggest many improvements which 
have been adopted immediately, and tends to make the man in charge 
more careful and to take greater precautions with men and machinery. 

ACCIDENT REPORT. 

Note. — This report should be made in duplicate to superintendent. 

Department. 

Date and hour of accident, 191 . . , m. Name, 

Check No., Address, Age, Occupation, 

Married, Family, where? Weekly wage, $ Nation- 
ality, Understand English? Experienced in his work? 

How long employed by us? How long employed in present posi- 
tion? Instructed as to hazards? By whom? 

THE INJURY. 

Nature and extent 

Was surgical aid rendered? By whom? \ . . When? 

Where was he taken? Probable disability 

CAUSE AND REASON. 

State whether due to carelessness of injured, fellow employees, or defective ma- 
chinery 

Suggestions for prevention of accidents of this kind in the future 



Name and address of foreman in charge of work, 

Witnesses: . m 

Amherst, , 191 . . 



Received , 191 . 



Department Foreman. 

Superintendent. 
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Though every precaution is taken, there are dangers to be met 
around all stone quarries. Bruises, sprains, dislocations, broken 
limbs, wounds, burns, scalds, and electric shocks constitute the more 
common injuries. To afford immediate relief for the patient and to 
give him the best chance of speedy recovery a first-aid cabinet 
should be at hand. Some quarrymen, realizing the need, keep such 
cabinets in their quarry offices, and it is urgently recommended that 
others adopt the same rule, especially where a dozen or more men are 
<• m ployed. At least two complete cabinets containing absorbent lint, 
gauze and cotton, adhesive plaster, bandages, dressing for burns, 
antiseptic wash, splints, scissors, tweezers, instructions for first-aid 
work, etc., are now in the market and can be obtained at a cost of 
about 86; instruction books are supplied with each cabinet. A few 
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rules for relief of the most common injuries in stone quarries are 
given hi the following paragraphs : ° 

COMMON. INJURIES AND THEIR TREATMENT. 
HEMORRHAGE. 

Hemorrhage is loss of blood. It is caused usually by an injury or by a diseased con- 
dition of the blood vessels. The danger from hemorrhage depends upon the amount 
of blood lost and the rapidity with which it escapes. The loss of one-third of the 
blood in the body usually results fatally. 

There are three kinds of hemorrhage, namely, arterial, capillary, and venous. Arte- 
rial hemorrhage is most dangerous and most difficult to control. 

MEANS OF CONTROLLING HEMORRHAGE. 

Hemorrhage may be controlled by pressure, position, heat or cold, torsion, or liga- 
tion or tying of the blood vessel. 

The only methods which can usually be employed by the first-aid man are compres- 
sion and position. Compression is more important and should be applied by the 
fingers, compresses, torniquets, or constricting bands, such as a handkerchief, belt 
strap, suspenders, etc. " 

In arterial hemorrhage the blood gushes forth in a b right-red stream. The pressure 
must be made between the wound and the heart. In capillar}- hemorrliage, the blood 
oozes away slowly and is bright red. The bleeding is easily controlled by applying a 
clean compress of gauze directly to the injury. In venous hemorrliage the blood is 
dark red or blue and discharges in a steady stream. The compression should be made 
on the side of the wound away from the heart. Usually the bleeding can be con- 
trolled by applying a large compress of sterile gauze dizectly over the bleeding place. 

Elevation of the bleeding parts always aids in controlling the flow of the blood. As 
soon as the bleeding has been stopped by some one of the methods suggested the 
patient should be treated for shock. 

SHOCK. 

Shock is a sudden depression of the vital powers arising from an injury or a profound 
emotion acting on the nerve centers and inducing exhaustion. The symptoms are 
subnormal temperature: an irregular, weak, and rapid pulse; a cold, clammy, pale, 
and profusely perspiring skin ; irregular breathing; the person affected usually remains 
conscious and will answer when spoken to but is stupid and indifferent and lies with 
partly closed lids. Always be sure that there is no concealed hemorrhage. The 
symptoms of concealed hemorrhage are practically the same as outlined above. 

TREATMENT. 

Lower the patient's head, wrap him in bol blankets, and surround him with such 
heat-giving objects as are available. Give an ordinary stimulant, as black coffee, to 
be sipped as hot as it can be borne; half-teaspoonful doses of aromatic spirits of ammonia 
may be given every 20 or 30 minutes. Small doses of whisky or brandy may be given, 
provided there is no hemorrhage. One or two teaspoonfuls every 15 or 20 minutes 
will help to tide the patient over until the doctor comes. Inhalation of oxygen is often 
of much sendee; artificial respiration may be necessary in some cases. Hot applica- 
tions over the heart and spine should be used if practicable. Always hurry up the 
doctor. 



a Glascow, M. V\\, Rauderibush, W. A., and Roberts, C. O., First-aid instructions for miners: Miners' 
Circular 8, Bureau of Mines, 191 1, pp. 22-28. 
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CONTUSIONS. 

A contusion or bruise is an injury due to the application of blunt force, the skin", 
above being unbroken. Blood collects in the tissue under the skin over the bruised 
area. In many deep contusions the skin is not damaged, but over bone the skin is 
apt to be injured. If a large blood vessel is ruptured, much blood gathers in the tis- 
sues under the skin and causes great swelling and discoloration. 

The symptoms are: Tenderness, swelling, and numbness, followed by aching pain. 
Discoloration usually occurs quickly, especially in surface contusions; it may not 
occur in deep ones. 

TREATMENT. 

Elevate the injured part and bandage it tightly to arrest the bleeding and control 
the swelling. Apply an ice bag or towels wrung out of ice water. In the case of the 
aged or weak make hot applications instead of cold. 

WOUNDS. 

A wound is a break or a division of the tissues produced usually by a sudden force. 
Wounds are divided into the following classes: Incised, made by some sharp cutting 
instrument; contused, caused by a blunt or flat or rough instrument; lacerated, caused 
by tearing or dragging forces, such as teeth and claws of animals or punctures made by 
a pointed instrument. 

The symptoms are: Pain, bleeding, and gaping or retracted edges. 

TREATMENT. 

First arrest the bleeding by some one of the methods described above, and put on a 
sterile dressing to protect the wound against bacteria or germs. If the wound is very 
severe, there is often shock, and that should be treated as described above. (See 
"Shock.") 

FRACTURES. 

A fracture is a break in a bone caused by direct or indirect violence. Fractures are 
the most important class of injuries with which we have to deal, not only because they 
render the victim a cripple for the time being, but because the further usefulness of 
the limb depends upon tne recognition of the trouble and its propel immediate treat- 
ment. Frequently ignorance or carelessness in handling a fracture in the beginning 
renders the sufferer an invalid or cripple throughout his life. 

From the standpoint of the first-aid man the following kinds of fracture only need 
be studied: Incomplete, complete, simple, and compound. In an incomplete frac- 
ture the bone is not entirely broken. It occurs most frequently in the young and is 
often spoken of as a green-stick fracture. In a complete fracture the bone is broken 
completely in two. In a simple fracture the broken bone does not protrude through 
the flesh; that is, the flesh around the fracture is not injured. In a compound fracture 
either one of the broken ends protrudes through the flesh or else the force that caused 
the fracture cuts or tears the flesh down to the bone. A compound fracture is nearly 
always accompanied by a loss of blood and a more or less severe shock. 

The symptoms are: Pain, swelling, discoloration, abnormal motion, loss of power, 
and crepitus or grating of the bone ends together. 

TREATMENT. 

In examining the fracture, great gentleness in handling the part should be exercised. 
The limb should be handled as little as possible. If the nature of an injury is in 
doubt, it should be treated an a fracture until the doctor arrives. Never allow a person 
suffering from a broken limb to be moved until the part is properly supported by 
splints. To treat a fracture, draw the fractured limb into a natural position and fix it 
there by the application of splints. 
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DISLOCATIONS. 

A dislocation is a complete separation or displacement of the surfaces of a joint, 
caused usually by direct violence, but may sometimes be produced by indirect vio- 
lence or sudden muscular contraction. Dislocations are always painful, because they 
are accompanied by wrenching and tearing of the ligaments about the joint and are 
sometimes complicated by a rupture of the muscles and by injuries to surrounding 
vessels and nerves. 

Dislocations are classed as simple, compound, and complicated. In a simple dislo- 
cation the articular ends are separated without injury to the surrounding tissues. In 
a compound dislocation the ligaments around the joint are torn. In a complicated 
dislocation the muscles, vessels, and nerves are injured. 

The symptoms are:. Pain, swelling, discoloration, rigidity; the natural position of 
the limb is changed; the length is altered. 

TREATMENT. 

Restore the bone to normal position and hold it in place. To properly reduce the 
dislocation, some surgical skill and knowledge of the anatomy of joints are required. 
First-aid man should never try to reduce any dislocations except those of the jaw and 
fingers. 

SPRAINS. 

A sprain is a twisting or wrenching of a joint, producing a tearing of the ligaments 
and sometimes of the surrounding soft parts. It is followed by severe pain and marked 
swelling and discoloration. Sprains are important injuries and should be properly 
treated immediately, as sometimes permanent disability may follow failure to give 
them proper care. They are very often more serious than a fracture. 

TREATMENT. 

Let the injured person rest; elevate the injured part and fix it in place either with 
splints or by wrapping the joint tightly with a roller bandage or with adhesive plaster. 
Give hot or cold applications by placing the injured part in hot or cold water or by 
the application of towels wrung out of ice water or hot water. 

STRAINS. 

A strain is the wrenching or tearing of a muscle or tendon and is usually caused by 
violent exertion or sudden unexpected movements. A strain generally occurs in 
the muscles or tendons of the arms or legs. The symptom is sudden, sharp, excruciat- 
ing pain. 

TREATMENT. 

Let the injured person rest; bandage the injured part tightly or apply adhesive 
plaster. It is sometimes necessary to prevent movement of the part by Bplinting. 

TREATMENT FOR ELECTRIC SHOCK. 

The following directions 01 for treatment of electric shock are 
taken from Miners' Circular 5 of the Bureau of Mines. 

When a man has received an electric shock that leaves him senseless, two things 
should be done as soon as possible. 

First, remove the victim from contact with the electric wire. 

Second, revive him or "bring him to " by getting him to breathe. 

While removing the victim from the electric circuit, be careful not to get a shock 
yourself. If there is a switch right at hand, cut off the current at once; but if there 
will be any delay in cutting off the current, remove the body from the circuit by 

a Clark, H. H., Roberts, W. D., Ilsley, L. C, and Randolph, Tl. F., Electrical accidents in mines; then- 
causes and prevention: Miners' Circular 5, Bureau of Mines, 1914, pp. 9-14. 
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means of a piece of dry wood, used either to roll or push the body aside or to lift from 
the body whatever is carrying current to it. Tools with dry wooden handles, such 
as picks or axes, may be safely used for this purpose. 

The body of the victim can be safely grasped if your hands are protected by several 
thicknesses of dry cloth, or if you stand upon a piece of dry wood. 

"When you can do nothing else, you may be able to short-circuit the line with which 
the victim is in contact, and thus blow the circuit breaker or fuses which protect that 
part of the electric system. 

A short circuit may be made by placing an auger or drill or a piece of pipe so that 
it will connect the two sides of the electric circuit. For example, in case the victim 
is in contact with a trolley wire, the auger, drill, or pipe should be thrown across the 
trolley wire and track rail, so as to be in contact with both. In doing this, be sure 
that the auger, drill, or pipe leaves your hand before it touches the current-carrying 
part of the circuit, as otherwise you will get a shock yourself. 

ARTIFICIAL RESPIRATION. 

"When the victim has been removed from contact with the current, artificial respira- 
tion should be begun at once. There are several ways of performing artificial respira- 




Figure 3.— Schaefer method of artificial respiration. Inspiration. 

tion. Those most commonly used are the Schaefer method and the Silvester method, 
each of which is advocated by physicians who have had experience in miae-rescue 
work. 

The Schaefer method is favored by a commission representing the American Medical 
Association, the National Electric Light Association, and the American Institute of 
Electrical Engineers for use in reviving persons overcome by electric shock, and the 
method will be generally practiced by the Bureau of Mines in its mine-rescue work 
until some better method has been devised. Both the Schaefer and the Silvester 
methods are described below. 

Schaefer method a . — -Rapidly feel with the finger in the victim's mouth and throat 
and remove any foreign body (tobacco, false teeth, etc.); then begin giving artificial 
respiration at once. Proceed as follows: 

Lay the subject on his belly, with arms extended as straight forward as possible, 
and with face to one side, so that the nose and mouth are free for breathing (see fig. 3). 
Draw forward the subject's tongue. 

Kneel, straddling the subject's thighs and facing his head; rest the palms of your 
hands on the loins (on the muscles of the small of the back), with thumbs nearly 
touching each other, and with fingers spread over the lowest ribs (see fig. 3). 

a This description and the accompanying figures are from a booklet issued by the National Electric 
Light Association. 
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With arms held straight, swing forward slowly so that the weight of your body is 
gradually brought to bear upon the subject (see fig. 4). This operation, which should 
take from two to three seconds, must not be violent — internal organs may be injured. 
The lower part of the chest and also the abdomen are thus compressed, and air is 
forced out of the lungs. 

Now immediately swing backward so as to remove the pressure, but leave your 
hands in place, thus returning to the position shown in figure 3. Through then- 
elasticity, the chest walls spring out and the lungs are thus supplied with fresh air. 

After two seconds swing forward again. Thus repeat deliberately twelve to fifteen 
times a minute the double movement of compression and release — a complete respira- 




Figure 4.— Schaefer method of artificial rcspiralion. Expiration. 

tion in four or five seconds. If a watch or clock is not visible, follow the natural rate 
of your own deep breathing — swinging forward with each expiration and backward 
with each inspiration. 

Silvester method. — Turn the patient on his back, loosen the clothing from around his 
neck, chest, and abdomen, and place a small log, a rolled-up coat, or something of 
similar size and shape under his shoulders in such a way as to throw his head back 
and his chest up. 

Then draw out the victim's tongue by grasping it with a piece of dry cloth. This 
act clears the windpipe, and unless it is done, the victim can not be made to breathe. 
If the rescuer is alone, he will have to keep the tongue drawn forward by tying it. 
with a handkerchief or a bandage passed over the tongue and under the jaw. The 
tongue must be held in this position while artificial respiration is being given. 

Kneel behind the head of the victim, grasp his forearms just below the elbows and 
draw them slowly backward until they are extended as far as possible over bis head 
(see PI. IV) and hold them there for about one second. 

Then slowly push the elbows forward and downward until they are in the position 
shown in Plate V. Next press the elbows firmly against the chest and hold them 
there for about one second so as to drive out the air from the lungs. 

Do not perform these movements hurriedly ; pumping the arms up and down is a waste 
of time. To complete one series of movements should take about four seconds. A 
very good way to time yourself is to count, very slowly, "one, two, three, four," while 
making the movements. Count "one" as the victim's arms are being extended, count 
"two" while they are held above his head, count "three" while his aims are being 
returned to his side, and count "four" while exerting pressure on his chest. 
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PERSISTENT EFFORT NECESSARY — CARE OF PATIENT. 

Usually a victim of electric shock can be made to breathe within one hour, but 
artificial respiration should be continued, without interruption, at least two hours, 
even though the patient does not show any signs of life. 

If other persons are at hand, have them assist by relieving you at short intervals, 
and have them keep the victim warm by covering him with coats or anything suita- 
ble that may be had. After the victim begins to breathe the assistants should rub his 
limbs briskly and toward the heart, keeping their hands under the covering while 
doing so. This will help to restore the circulation of the blood, which has been for a 
time suspended. 

Do not give any liquids by mouth until the subject is fully conscious. 

TREATMENT OF BURNS AND SCALDS. 

While arrangements are being made for removing the injured man to his home or to 
a hospital, treat any injuries that he has received. Treat electric burns exactly as 
ordinary burns. Before the arrival of a doctor it is proper to cover the burnt place 
with several thicknesses of picric-acid gauze. This gauze is now being used in nearly 
all mines and hospital emergency rooms. 

Tn case no picric-acid gauze is at hand the burns may be covered with clean gauze, 
ibly taken from sterile packages, and covered with vaseline, carbolized vaseline, 
oli\ oil, or balsam oil. Carron oil, which is a mixture of linseed oil and limewater, 
has been used as a dressing for burns, but its use is not recommended. 

Cover these dressings with plenty of cotton and protect this in turn from the outside 
air with oiled paper or anything that will keep out the air while the victim is being 
taken home or to a hospital. 

Bandage all dressings lightly so as to cause as little pressure as possible upon the 

injuri 3. 

QUARRY ACCIDENTS. 

The accidents briefly recorded in the following pages took place in 

stone quarries of the United States during recent years. They 

represent the more common types of quarry accidents, and all who 

work around stone quarries are urged to read them carefully. By 

observing the serious consequences which frequently result from 

weak equipment, faulty method, or from thoughtless or careless 

action, quarrymen are better prepared to avoid many unsuspected 

dangers. 

TYPICAL ACCIDENTS IN QUARRIES. 

ACCIDENTS FROM EXPLOSIVES. 

1. Three Lewis holes in granite were loaded with black blasting powder and fired 
by electric detonators. One of the charges failed to explode and was accidentally 
fired in an attempt to draw it. Two men were hurt, one losing the sight of one eye, 
and both suffering cuts, bruises, and burns. No attempt should have been made to 
remove stemming above a detonator. A new hole should have been drilled at least 2 
feet away. 

2. Several men were seriously injured from an accidental explosion of black blasting 
powder in seamy rock. Some of the powder leaked away from the main charge and 
failed to explode. When struck with metal tools later it was discharged. 

3. In dislodging a mass of rock by discharging black blasting powder in an open 
seam, the seam was first wedged apart to give space. After some powder was poured 
in, it was found that the powder did not enter readily and an attempt was made to 
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further open the seam by driving the wedges. The first blow of the hammer caused 
an explosion which burned the faces of two men, one being permanently disfigured. 

4. Black powder was placed in an open seam and a fuse attached. Tbe powder 
was not covered with sand as ordered and the charge was prematurely exploded by 
a spark from the match. One man received serious cuts and burns. 

5. In blasting an open seam with black blasting powder a second charge was poured 
in immediately after the first had been discharged. The heat of the rock, or fire 
remaining in the cavity, caused a premature explosion, resulting in serious powder 
burns. 

6. A man smoking a cigarette in a quarry near a keg of powder, which was open, 
ready for charging blast holes, let a spark fall in the powder. In the resulting explo- 
sion one man was severely burned. Since that time smoking in the quarry has been 
prohibited . 

7. In cleaning out the bottom of a powder can in order to use it for a water pail a 
hot iron was used. The small grains of powder, when exploding, caused a spark to 
fall in some loose powder near a full can and the latter was discharged. Several men 
received nonfatal burns. 

8. A block of granite fell while being hoisted, and a flying fragment struck a metal 
powder can, discharging the contents and severely burning one man. It is dangerous 
to have powder cans in the vicinity of moving rock. 

9. A series of blasts were being discharged by fuse. Believing that all the charges 
had been exploded, one man approached the danger zone and was instantly killed 
by a retarded blast. 

10. A man approached a blast hole, believing that the fire in the fuse had gone 
out, and received a broken leg as the result of a retarded explosion. 

11. In seeking shelter from a heavy powder blast, a man got beneath a flat car. A 
mass of rock passed over the car, struck the waste heap and bounded back under 
the car, instantly killing the man who was there. 

12. Though repeatedly warned of a blast about to be fired, and allowed sufficient 
time for getting to a place of safety, a man remained in the open and was struck by 
flying rock. The result was the loss of a leg by amputation. 

13. In thawing frozen dynamite in warm water some of the nitroglycerin remained 
in the water. "When the water was thrown out on a rock surface a violent explosion 
ensued resulting in the death of one man. Dynamite should never be thawed in 
anything except apparatus made expressly for that purpose. 

14. A man was connecting wires at a blast hole and through a misunderstanding 
of signals the blast was fired and the man seriously wounded by flying rock. The 
man who loads the holes and connects the wires should fire the shot. 

ACCIDENTS FROM FALLING OR MOVING ROCK OR SOIL. 

15. A block of stone was being raised from the quarry floor, the hoist cable slanting 
outward. When raised, the block swung against a man standing between it and the 
derrick and broke his leg. 

16. A man who had passed repeatedly behind a block of stone while it was being 
tipped outward was crushed to death by the block slipping back. 

17. At a seaboard quarry a box of rock was lowered to the deck of a vessel. When 
the full weight of the load came on the deck the vessel rocked and crushed a man 
standing between the box and the dock. 

18. While a box of rock was being hoisted out of a quarry a man standing directly 
beneath the ascending box was killed by a falling fragment. 

19. A man placed his arm behind a block of stone being turned down. The rock 
slipped and broke his arm. 

20. While a block of stone was being hoisted in a yard a slab which had been cut 
from it with a wire saw fell on a man and crushed him to death. 

21. A man moving headstones left one standing on edge and not sufficiently secured. 
It fell on him and broke his leg. 
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22. While being hoisted out of the quarry a block of stone slipped and fell back 
into the excavation. A flying fragment broke a workman's leg. 

23. After giving the signal to hoist, a man attempted to adjust the cable around 
the block. A finger was caught and crashed between the cable and the block. 

24. An unseen open joint caused a mass of rock to slip into a quarry pit. A man 
who was standing on the rock was killed. 

25. While turning down a block of stone, one man, unseen by the others, got beneath 
the block and was crushed. 

26. An unseen mud pocket caused the collapse of a quarry face, killing one man. 

27. A block which was being hoisted caught on a projecting corner of rock. The 
additional strain broke a cable fastening and the boom fell. A man standing beneath 
the boom was killed. 

28. In shifting a block of stone with a crowbar at the quarry face a second block 
resting upon it slid down and killed a workman. A second man barely escaped by 
jumping away. 

29. A man was working at a quarry face where great masses of rock had been broken 
up by blasting. A rock slide occurred and the man was unable to escape on account 
of a rock pile behind him. He received fatal injuries. Blocking the way of escape 
in this manner is very dangerous. 

30. In the process of hydraulic stripping a deep trench was formed. When warned 
to avoid a certain steep bank a man claimed that slipping always occurred on the 
opposite side. The bank in question gave way and the man was smothered in the soil. 

31. A man was killed by a mass of rock falling from a tunnel roof. 

32. In a deep limestone quarry a man was killed by a small piece of scale falling 
from the quarry wall. 

ACCIDENTS FROM MACHINERY AND EQUIPMENT OTHER THAN TRANS- 
PORTATION BY CARS. 

33. A new derrick mast was not sufficiently secured before a strain was placed 
upon it and it fell, seriously injuring two men. 

34. A hoistman was working with his coat unbuttoned and flapping loose. It 
became entangled in the cable on the drum, resulting in his death. 

35. Two connected steam boilers were being repaired and tested. Steam pressure 
of 80 pounds or more was obtained in one, and in order to test the other no fire was 
placed beneath it but steam was turned in from the hot boiler, and an explosion 
resulted. With cold water in the bottom and hot steam above, it is probable that the 
explosion was caused by sudden and unequal strains. Five men were killed. 

36. While moving a tripod drill with the weights removed it started to fall. In 
attempting to prevent this the driller's leg was hurt, and he was disabled for live 
weeks. The drill was not damaged by the fall. 

37. A hoisting cable broke and one of the fragments killed a man by striking him 
on the head. 

38. A man was killed in a stone finishing plant in attempting to put on a belt while 
the machinery was running. 

39. In a quarry where a block was being hoisted by means of a chain attachment 
a link broke and killed a man standing 50 feet distant. 

40. A man was killed by the explosion of a compressed-air tank. 

41. The breaking of a sheave support allowed a cable to fly and kill a man standing 
inside the bend. 

42. The breaking of a cable allowed a derrick boom to fall. It struck a bar which 
a man was carrying on his shoulder and resulted in a broken collar bone. 

43. A workman received an injury to his hand in holding up a cable close to the 
point where it entered the sheave. He was wearing a glove which became entangled 
and carried his hand into the sheave. 
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ACCIDENTS CONNECTED WITH TRANSPORTATION BY CARS. 

44. A tall, angular block of stone was being transported on a band car from the 
quarry to the waste heap. It was insecure and rocked back and forth. A man's 
fingers were caught beneath the block, preventing his escape, and the block tipped 
over him, causing his death. Two other men escaped by jumping out of the way. 

45. A man was riding on a quarry car running down grade. An air transmission 
pipe was lying across the track. A workman attempted to hold the pipe high enough 
for the man to pass under it, but it caught him beneath the chin and threw him off. 
Two of his ribs were broken. 

46. A man who was riding a car jumped off as it approached a switch and ran along 
the track ahead of the moving car to throw the switch. He tripped, and before he 
could recover his feet the car passed over him. 

47. An office boy riding on a quarry car fell off and was killed by the car passing 
over him. 

48. A man was killed by jumping from a trolley car which, owing to a defective 
brake, had run away on a heavy grade. 

49. A workman stood between a block of stone and the car track. The space was 
too narrow and the man was crushed by a passing loaded car. 

50. Through breaking of a cable a dump car ran back, striking a man and breaking 
his leg. 

ACCIDENTS FROM ELECTRIC SHOCK. 

51. Two men were killed in a quarry by a short circuit being formed in some manner 
between arc-light wires and derrick guys. 

52. By picking up a live wire a man had his hand so severely burned that he lost 
one finger. 

53. A transformer burned out, permitting 4,000 volts to pass through the motors. 
The man in charge placed his hand on the lever and as the machine was charged 
with electricity he could not let go. As he was wearing rubber-soled shoes he sus- 
tained no injury. He called for help and the man who came to his assistance, instead 
of pulling the switch and cutting off the current, took hold of the engineer 'a hands 
and tried to pull them free and in so doing completed the circuit and was killed. 
The man with the rubber-soled shoes was uninjured except for slight burns. 

ACCIDENTS DUE TO FALLS OF PERSONS. 

54. A man was working on a narrow ledge cleaning down scale. Instead of keeping 
the rope attached to his body he coiled it on the ledge. In breaking a rock loose it 
came free more easily than he expected. He lost his balance, fell to the quarry 
floor, and was killed. 

55. In erecting a new derrick a man seated on a staging was turning a nut with a 
wrench. The wrench slipped from the nut and the man pitched forward and was 
killed by the fall. 

56. A man working too close to the edge of a quarry pit was struck by a quarry car, 
thrown over the edge, and killed by the fall. 

57. A man fell from a steam shovel while oiling it and broke his leg. 

58. A helper while changing the steel on a channeling machine was turning a nut 
with a wrench. He placed his feet close together and, with his back toward the 
excavation, gave a strong pull on the wrench. The nut was oily and the wrench 
slipped. He fell over the edge, a distance of 12 feet, and received painful though 
not permanent injuries. 

59. Owing to a misstep while descending a quarry ladder a man lost his balance 
and was killed by the fall. 
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